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Hepatitis C virus nonstructural region 3 (HCV NS3) gene, located in nucleotide 3 420-5 312, encodes HCV NS3 protein consisted of 631 amino acids. HCV NS3 protein is one of the important pathogenic HCV proteins, which was found and researched at first. Though it was reported that HCV NS3 protein probably has many kinds of potential biological effects, for example, proteinase and helicase activity, mediating cellular immune response, transactivating telomerase, regulating p53 function, and affecting protein kinase A (PKA) and signal transducers and activators of transcription (STAT) signal transduction, etc.
[1 -6] . So far the precise pathogenic mechanism of HCV NS3 protein remains unclear. Sakamuro et al. [7] , confirmed that NIH3T3 cells could be transformed by HCV NS3 protein and formed tumors in nude mice. Because NIH3T3 strain is a mouse fibroblast cell line, and its differentiation characteristics are different from human hepatocytes, NIH3T3 cell transformation experiment cannot really reflect the carcinogenesis process of HCV infection. In view of this, human hepatocyte line QSG7701 was transfected with mammalian expression plasmid pRcHCNS3, and the effect of HCV NS3 protein on human hepatocyte transformation and mitogen-activated protein kinase (MAPK) signal transduction were studied.
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Experimental materials
The mammalian expression plasmid pRcHCNS3-5' (nucleotides 3 354-4 210, expressing HCV NS3 N-terminal peptide, Ile1020-Thr1295) and pRcHCNS3-3' (nucleotides 4 116-5 147, expressing HCV NS3 C-terminal peptide, Phe1263-Trp1608) were the kind gifts of Professor Takegami [7] . Non-expressive plasmid pRcCMV was purchased from Sigma Company, USA. Human hepatocyte line QSG7701 was from Cytobiology Preparation, purification and identification of plasmids Plasmids pRcCMV, pRcHCNS3-3' and pRcHCNS3-5' were transferred into Escherichia coli, which was dealt with calcium chloride respectively. The E.coli was cultured to amplify the three kinds of plasmid. A small amount of the plasmids was prepared from the E.coli to identify specificity of the plasmids. The plasmids pRcHCNS3-3' and pRcHCNS3-5' were digested with XbaI, resolved with agarose gel electrophoresis, and stained with ethidium bromide. After identification, the plasmids were massively extracted and purified for transfecting QSG7701 cells.
Transfection of QSG7701 cells
QSG7701 cells were transfected with plasmids pRcCMV, pRcHCNS3-3' or pRcHCNS3-5' respectively as described in instruction of Lipofectaminen reagent. Cells were seeded into selection medium containing G418 until G418-resistant clones were obtained. Non-transfected QSG7701 cells were used for parallel control.
To detect cDNA in stable transfectants, total genomic DNA was extracted from positive clones according to standard methods and subjected to PCR and agarose gel electrophoresis analysis. Based on published sequences, the primers, 5'-CGGGCA CGTTGTAGG CATC-3' (sense) and 5'-AACGGACGGCTTTAGGACGA-3' (antisense), were projected for amplifying the 5'-half sequence of HCV NS3 region [7] . PCR conditions were 35 cycles of three steps (at 94 for 30 s, at 57 for 30 s, at 72 for 40 s) in a 50 µL reaction mixture containing 5 µL 10× buffer, 5 µL 2 mmol/L dNTPs, 0.5 µL each primer (25 pmol/µL), 1 µL DNA, 5 U Taq DNA polymerase, and 37.5 µL distilled water. PCR products were subjected to electrophoresis on a 0.8% agarose gel for 30 min (voltage: 80 V), visualized by ethidium bromide staining.
Detection of HCV NS3 protein expression S-P method was used to detect expression of HCV NS3 protein in the QSG7701 cells transfected with plasmids pRcHCNS3-5', pRcHCNS3-3', pRcCMV or non-transfected. PBS was used as substitutes of Mabs for blank control groups. Hepatocellular carcinoma tissues expressing HCV NS3 protein was used as a positive control.
Identification of biological behavior of QSG7701 cells
Survey of growth curve Non-transfected and transfected QSG7701 cells (6×10 4 cells per well) were inoculated and incubated in 24-well culture plates respectively, digested and counted at an interval of 24 h, and the average number of cells in 3 wells per group was counted per time. The detection was continued for 8 d. Then the population doubling time and growth curve of the cells were calculated. To get reliable results, experiments were repeated thrice. Anchorage-independent growth test To examine the ability of G418-resistant cells to grow anchorage independently, 2×10
3 cells were suspended in 0.35% agarose containing DMEM and 10% fetal calf serum and overlaid onto a bottom layer of 0.7% agarose in culture plates (ϕ 60 mm). After 2 wk of culture, clones with more than 50 cells were scored and the colony formation efficiency was determined (colony formation efficiency = colony numbers/seeded cell numbers×100%). The experiments were repeated thrice.
Detection of expression and activity of MAPK
Western blot was used to detect expression and activity of MAPK. Briefly, cells (5×10
5
) forming clones were inoculated in a 6-well culture plate and cultured for 24 h. The cells were incubated in free-serum medium for 24 h to make cell synchronous, then cultured in medium with 10% FCS for 5 h to stimulate cell growth. The cells were harvested and washed twice with pre-cooled PBS. Eighty microliters of lysis reagent (62.5 mmol/L Tris-HCl, 20 g/L SDS, 10% glycerol, 50 mmol/L DTT, 1 g/L bromophenol blue) was added and broken with ultrasound for 5-7 s, boiled at 95-100 for 5 min, centrifugalized at 12 000 g for 5 min. Twenty microliters of supernatant proteins were resolved by SDS-10% polyacrylamide gel electrophoresis. After electrophoresis, the proteins were transferred onto a nitrocellulose membrane, blocked in 5% skimmed milk for 3 h, probed with the antibody to phosphorylated p44/42 MAPK (1:100) overnight at 4 . After being washed thrice in TBS containing 0.1% Tween 20, the membrane was treated with horseradish peroxidase-conjugated anti-mouse antibody for 1 h. Protein binding was detected by chemiluminescence reagent (ECL). Then the membranes were eluted in cleaning solution at 50 for 30 min, total MAPK was detected with antibody to non-phosphorylated MAPK as described above. The bands on X-film were assayed by densitometric scanning.
Statistical analysis
Analysis of variance and t test were used according to SPSS 10.0.
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Identification of plasmids Plasmids pRcHCNS 3 -3' and pRcHCNS 3 -5' extracted from E.coli were digested with XbaI, resolved with agarose gel electrophoresis, and stained with ethidium bromide. As shown in Figure 1 , electrophoresis analysis revealed that the major 866-and 1 031-bp fragments were expected from the plasmids pRcHCNS 3 -3' and pRcHCNS 3 -5'.
Selection and identification of positive clones
Cells transfected were seeded into selection medium containing G418. Nine pRcHCNS3-5, eight pRcHCNS3-3' and five pRcCMV positive clones were selected ( Figure 2 ). Total genomic DNA extracted from transfected cells was amplified by PCR. As shown in Figure 3 , 257-bp fragment was specifically amplified from DNA of the QSG7701 cells transfected with plasmid pRcHCNS 3 -5', and not amplified from DNA of the QSG7701 cells transfected with plasmid pRcHCNS 3 -3', pRcCMV and non-transfected NIH3T3 cells.
Expression of HCV NS3 protein in QSG7701 cells
Immunohistochemical staining showed that HCV NS3 protein was expressed in transfected QSG7701 cells with plasmids pRcHCNS 3 -3' and pRcHCNS 3 -5'. The positive signal of HCV NS3 protein was located in cytoplasm. The signal intensity of HCV NS3 protein in QSG7701 cells transfected with plasmid pRcHCNS 3 -5' was higher than that in cells transfected with plasmid pRcHCNS 3 -3' (Figure 4) . The positive products were also found in positive control group, but not in blank and negative control groups.
Identification of biological behavior of QSG7701 cells
The growth curve of four kinds of cells was detected ( Figure 5 ). The population doubling time of QSG7701 cells transfected with pRcHCN 3 -5', pRcHCN 3 -3', pRcCMV and non-transfected QSG7701 cells was 12, 24, 26, and 28 h, and the efficiency of colony formation was 33%, 1.33%, 1.46% and 1.11%, respectively. These showed that the population doubling time and colony formation efficiency of the cells transfected with pRcHCNS 3 -5' were much shorter and higher than those of cells transfected with pRcHCNS 3 -3', pRcCMV and non-transfected QSG7701 cells.
Detection of phosphorylated p44/42 MAPK in QSG7701 cells Phosphorylation of p44/42
MAPK in the cells transfected with pRcHCNS 3 -5', pRcHCNS 3 -3', pRcCMV and non-transfected cells was detected by Western blot. The optical density of phosphorylated MAPK was 8 858±887, 5 612±656, 2 212±245, 989±188, respectively. The level of phosphorylated p44/42
MAPK in the cells transfected with pRcHCNS 3 -5' was the highest (P<0.01). Expressions of total p44/42 MAPK in all groups were not different (12 000±1 174, 11 851±1 048, 11 321±987, 11 058±991, respectively, P>0.05, Figure 6 ). HCV, a kind of hepatotropic virus, causes hepatopathy by specific hepatocyte-virus reaction. Its natural host cell is hepatocyte whose differentiation characteristics are different from other cells. It is very difficult to culture and passage normal hepatocytes in vitro. Neither could hepatocytes effectively express selection markers for eukaryotic expression plasmids and obtain stable clones, nor could be transformed successfully with HCV genes. Liver cancer cell lines are usually used as a substitute of normal hepatocytes for expressing HCV gene, but they could not be used as subject cells to identify the effect of HCV genes on cell phenotype [8] . Sakamuro et al. [7] , reported that HCV NS3 protein could transform NIH3T3 cells, and NIH3T3 cells transfected with pRcHCN 3 -5' formed tumors in nude mice. NIH3T3 cells is a mouse fibroblast line, therefore transforming NIH3T3 cells by HCV cannot really reflect the processes of infection and pathopoiesis of HCV. QSG7701 cells are an immortal normal human hepatocyte line, which were taken from liver tissue at 6 cm distance from primary liver cancer. In our experiment, QSG7701 cell line was successfully transfected with eukaryotic expression plasmids pRcHCNS 3 -5', pRcHCNS 3 -3'and pRcCMV, and nine clones of cells transfected with pRcHCNS 3 -5', eight pRcHCNS 3 -3' and five pRcCMV positive clones were obtained respectively. It was identified by immunohistochemistry that all of pRcHCNS 3 -5'and pRcHCNS 3 -3'positve clones expressed HCV NS3 protein. QSG7701 cells are a kind of human normal phenotype hepatocyte strains. We first used them as subject cells to study the effect of HCV on tumorigenesis and obtained satisfactory results, and built a good cell model expressing HCV NS3 protein for studying the pathogenesis of HCC related to HCV NS3 protein.
HCV is a positive-strand RNA virus which does not have reverse transcriptase activity, and thus there is no integration of viral genome or genome segments into host chromosomes. Up to now, it has been suggested that the malignant transformation of host cells may be caused by HCV expression gene products [9, 10] , in which HCV NS3 protein may play an essential role in hepatocarcinogenesis, but its exact mechanism is still unclear. HCV NS3 protein containing 631 amino acids is a multifunctional cytoplasmic protein whose N-terminal has proteinase activity and Cterminal helicase activity [11] . In our data, QSG7701 cells expressing HCV N3 N-terminal peptides showed the characteristics of tumor cells to a certain extent and formed tumor in nude mice (data not shown). The population doubling time was the shortest, and anchorage-independent growth ability was the strongest. Whereas, there was no difference among growth characteristics of pRcHCNS 3 -3'-transfected, pRcCMV-transfected and non-transfected QSG7701 cells. The results suggest that HCVNS3 Nterminal peptide functioning as proteinase activity may play an important role during transformation of cells, which is identical with Sakamuro et al. [7] . HCV NS3 protein might activate oncogenes and signaling transduction molecular of host cells infected by HCV [2, 4, 5] . Ras-Raf-MAPK signaling pathway is closely related to growth and proliferation of cells. MAPK could be activated by phosphorylation. Continuously high level of MAPK activity was a key for transformation and carcinogenesis of cells [12, 13] . Our data displayed that HCVNS3 N-terminal peptide could significantly up-regulate phosphorylation of p44/42 MAPK , but not affect the expression of total MAPK protein. Cells expressing HCVNS3 Nterminal peptide showed significant transformation phenotype, suggesting that HCV NS3 protein may induce and promote cell transformation by activating MAPK signaling pathway.
The precise mechanism of up-regulating MAPK phosphorylation is still unclear, but it has been reported that HCV NS3 protein interfered phosphorylation of proteins and inhibited cAMP-dependent PAK signaling transduction [4] . In Ras-Raf-MAPK cascade, the interaction between Ras and Raf contact points is essential for the plasma membrane localization of Raf, which ultimately leads to kinase activation. The formation of this protein complex is negatively regulated by PKA through phosphorylation of the c-Raf-1 N-terminus. Phosphorylation of c-Raf-1 serine 43 is believed to cause a N-terminal cap structure to cover the Ras docking site and inhibit Raf activation [14] [15] [16] [17] . HCV NS3 protein (1 487-1 500) contains a arginine-rich sequence which is highly homologous to substrate recognition site of PKA R subunit, and could mediate binding of HCV NS3 protein to PKA C subunit and result in inactivation of PKA [18] . HCV NS3 protein may activate Ras-Raf-MAPK signaling pathway through inhibiting negative regulation of PKA. Our results showed that the effect of HCVNS3 N-terminal peptide on up-regulation of MAPK activity was more significant than that of C-terminal peptide. Because HCV NS3 Nterminal peptide (nucleotides 3 354-4 210, Ile1020-Thr1295) does not contain the arginine-rich sequence (1 487-1 500), HCV NS3 protein may activate MAPK through other ways. Their experiments suggested that the transformation and tumorigenesis induced by HCV NS3 serine protease were dependent on an active enzyme [19] . In conclusion, HCV NS3 N-terminal peptide expressed by QSG7701 cells transfected with pRcHCNS 3 -5' contains the sequence coding HCV NS3 serine protease. It may need further investigation whether MAPK can be activated by serine protease of HCV NS3 N-terminal peptide, and result in proliferation and transformation of hepatocytes.
